In Vehicular Ad Hoc Network (VANET), rapid movement of vehicles leads to the neighbor information fast outdated. Fast exchange of beacons in high traffic density causes wireless channel congested and overload of VANET. In this article, a Self-Decision-Making Beaconing (SDMB) method is proposed to solve the above issues. In this method, the beaconing interval is adjusted based on node activity and the change rate of its neighbors. Results show that, the successful beaconing rate is closed to or larger than 90% and the normalized channel load is less than 20% in different traffic density by using SDMB.
Introduction
Vehicular Ad Hoc Network (VANET) is considered as a network environment of Intelligent Transportation Systems (ITS). The main purpose of VANET is to improve traffic safety related applications through beacon and event-driven messages [1] . Beacon messages are crucial to enable safety applications. Each vehicle broadcasts periodic beacon messages to inform neighbor nodes about their location, speed and other relevant information. This status messages can be used to detect abnormal and emergency situation on the highway and urban scenarios. For the proactive neighborhood awareness, vehicles should maintain the up-to-date neighbor information. Otherwise, in VANET, nodes usually move at high speeds in low traffic density; the information about the location of neighbor vehicles is therefore fast outdated. The outdated information of the neighbor nodes leads to broken links between nodes. Especially for multi-hop relay, it will lead to miss the next candidate node or the node that has been chosen will move out the radio range in high mobility vehicular scenarios. The naïve approach for handling this problem is to increase the frequency of broadcasting beacons. On the other hand, rapid changes in traffic density from sparse to heavy, as well as periodic beaconing frequently between vehicles, can cause the wireless channel to promptly become overload and congested, dropping the bandwidth available for the exchange of services' data. Congested links result in a high degree of performance degradation of VANET [2] [3] . The solution to channel overloading does not involve simply reducing the frequency of beacon generation. As the frequency of beacon generation is reduced, the error will increase between the current physical position and the last reported position on road. The reason is that reducing the beacon rate leads to the exchange of out-of-date information of neighbors. In addition, due to fast movement of vehicles, link life time will last very soon in VANET.
From above introduction, we can find that the mobility of nodes and the change rate of neighbors are the main reasons of out-of-date information, and rapid transmission beacons in dense density is the main reason of channel overload. Therefore, a self-decision-making based beaconing (SDMB) method is proposed to solve the above issue in this article. In SDMB, the beacon interval is adjusted based on node activity and the change rate of its neighbors. The remainder of this paper is organized as follows. In section II, related work with respect to beaconing in VANET is presented. Section III describes the self-decision-making based beaconing. Numerical results are given in section IV. Section V concludes the work of this article.
Related Works
In VANET, cooperative awareness demands up-to-date and low delay information exchange between neighbor vehicles. This information may include position, movement and acceleration of the vehicles in the vicinity. This can be achieved by broadcasting beacon messages. At present, beaconing approaches are mainly focus on adaptation of beacon transmission power with respect to the traffic distribution, adjustment of beacon rate and hybrid adaptive beaconing. The overall taxonomy of beaconing approaches is depicted in Figure 1 
Static Beaconing Approach
The standard IEEE 802.11p of WAVE (wireless access in vehicular environment) is extended from the IEEE standard of 802.11a and adopted service differentiation of IEEE 802.11e to support multimedia application. When vehicles are equipped with WAVE, they can synchronize and handshake via beacons. In this standard, each vehicle periodically broadcasts beacons at a fixed rate. The fixed rate is 10Hz λ = [5] . European ITS system also has proposed a fixed beaconing approach [6] . In European ITS system, vehicles may successfully provide awareness by transmitting beacons every 100ms in all vehicular scenarios. It is used to supports geographical routing and data dissemination. However, since the beacon message size is larger than 400bytes, it requires a profound amount of bandwidth as traffic density increases. For static beaconing approaches, the probability of beacon message reception could not meet the requirement value for critical applications. Problems brought by fixed rate were introduced in paper [7] . They are (1) requires/wastes more bandwidth, (2) the propagation delay will grow under heavy traffic density and, (3) the probability of channel congestion increases with many large beacons need to be delivered.
Adaptive Beaconing Approaches
The problem of beaconing adaptation for different traffic scenarios has been studied in various prospects in VANET. Beacon rate control and transmission power control are two main examples of adaptive beaconing approaches. The work of beaconing adaptation approaches were reviewed very completely in paper [3] . We reviewed some new papers which were published in recent years in this section by following paper [3] .
Beacon Rate Control
High beacon rate leads to network congestion in high traffic density while low beacon rate causes inaccurate shared neighbor information in high mobility vehicular scenario. To tackle this issue, paper [7] , [8] , [9] and [10] considered adaptation of beacon rate in dynamicity vehicular environment. The proposed beacon rate adaptation is based on traffic parameters. In paper [7] , the proposed protocol CAR (connectivity-aware routing) uses an adaptive beaconing mechanism where the beaconing interval is changed according to the number of the registered nearby neighbors. The fewer neighbors there are, the more frequent is a node's HELLO beaconing. In paper [8] , authors proposed a channel busy time model to evaluate the solution space of a vehicular beaconing system designed to communicate information both vital and sufficient for vehicular traffic applications and in particular for Co-operative Adaptive Cruise Control. In paper [9] , authors studied the adaptation of beacon rate in order to find the compromise between bandwidth consumption and information accuracy. They proposed a method to adapt beacon rate according to the traffic behavior. In paper [10] , authors proposed an intelligent adaptive beaconing rate (ABR) approach based on fuzzy logic to control the frequency of beaconing by considering traffic characteristics. ABR tunes the beaconing rate mainly according to traveling direction and status of vehicles.
The neighbor information promptly becomes outdated with very high speed moving vehicles. Increasing the transmission rate of beacon message simply might generate high traffic overhead in the VANET. To tackle this problem, paper [11] proposed an improved neighbor localization scheme to predict the location of neighbors in the near future. In this scheme, neighbor nodes use information stored in the beacon, such as node's previous location, speed and direction, to predict the neighbor's position. Each vehicle tracks the distance between actual and predicted position of the neighbor vehicle in order to define a distance threshold delta. New beacon will be triggered for transmission if the difference between actual position and predicted position is greater than delta.
On the other hand, paper [12] proposed adaptive traffic beacon (ATB) approach according to the residual capacity of wireless channel. ATB is adaptive in the sense that the beacon generation rate is changed dynamically with respect to the channel quality and importance of the message. The solution also can dynamically use infrastructure networks in the vicinity.
In paper [13] , the authors proposed two methods to adapt beacon rate with frequent topology changing of vehicular networks. The first method is linear regression analysis. The next beacon interval is computed according to network density and traffic. The second method for estimating next beacon interval is k-nearest neighbor which is used to calculate the approximate value of target function. In this method, each vehicle creates a table which contains beacon interval and the parameters of network density and traffic.
In paper [14] , the authors studied the challenges of vehicular communications in the presence of radio signal obstructions caused by other vehicles and by buildings. A novel approach Dynamic Beaconing (DynB) was developed to adaptive beaconing to solve the challenges. The DynB uses only two control variables: the fraction of busy time the channel has been sensed in a given sampling interval and, the simple one-hop neighbor count. These variables are used to force the beacon interval as close as possible to a desired value as long as the channel load does not exceed a desired value.
Beacon Transmission Power Control
The transmission range, which depends on transmission power, is very important for detecting emergency situations in surrounding. A dynamic adaptation of transmission range is important in VANET. This can improve the network performance in terms of interference, beaconing collisions and network overhead. In paper [15] , the authors proposed an adaptive power control mechanism based on traffic and propagation modeling. On the other hand, the beaconing load on the channel should be monitored to guarantee bandwidth requirement of active safety related applications on road. The authors in paper [16] proposed a distributed fair transmit power adjustment algorithm for VANET (D-FPAV). This method maintains the beaconing load of wireless channel to let the active safety applications meet a strict deadline of the event driven message. This method improves VANET performance through reducing packet level interference.
Hybrid Beaconing Approaches
Besides aforementioned two beaconing approaches, there is another adaptive method taking many factors into consideration to tune the contention window (CW) size, to control beaconing rate and transmission power. The authors in paper [17] considered the effect of MAC layer settings on beacon reception probability and delay to investigate the effect of CW on the efficiency of IEEE 802.11p beacon broadcasts. The authors in paper [18] analyzed the impact of transmission power, beacon rate and CW on reducing beacon load in wireless channel. The authors in paper [19] proposed a transmission control method to adjust beacon rate and transmission power based on the tracking accuracy and high topology variation of VANET. The control method considers closed loop control and instability of wireless links between vehicles.
SDMB
SDMB is an adaptive beacon interval adjusting approach. The interval is controlled by feedbacks of node's activity and neighbors' change rate.
Node Activity and Neighbor Change Rate
Definition 1: node activity is the ratio of the difference between node current speed and the speed of the largest traffic flow on road to the speed of the largest traffic flow. Here node is a vehicle. The node activity is given by the following formula:
Where V is the speed of the largest traffic flow, ( ) i v t is the current speed of node i . Definition 2: neighbor change rate is the ratio of the number of changed neighbors to the total number of neighbors. That is,
is the neighbor number of node i at time t τ − , τ is the computing period which is less than the minimum beacon interval.
Self-decision-making Ability
Each node has different self-decision-making ability on adjusting beaconing interval in dynamic vehicular scenario. The self-decision-making ability is defined as follows.
Definition 3: self-decision-making ability is the ability level of beaconing interval adjustment of a node. That is,
Where the factor ε denotes the effect of node activity and neighbor change rate on self-decision-making ability, µ is reference of neighbor change rate. This reference is a constant which is set according to vehicle environment.
Beaconing Interval
In SDMB approach, the next beacon interval size is obtained according to the last interval and the interval adjustment. The interval adjustment is given as follows.
(4) Where min_ InV is the minimum interval value, max_ InV is the maximum interval value. In this article, the minimum interval value is same with the beacon interval of paper [5] . The maximum interval value matches with paper [11] . Thus, the next beacon interval is,
Where Beacon_InV_pre is the last beacon interval. In order to fast converge to a stabile value of beaconing interval, we trade off between the adjustment-step size and the beaconing frequency. The level of self-decision-making ability is divided as follows, 
SDMB Flow Charts and Steps
The flow chart is shown in Figure 2 . The steps of SDMB are given as follows.
Step 1: compute the node activity and neighbor change rate according to the current speed of node and the number of neighbors' change.
Step 2: compute the self-decision-making ability of itself beacon based on its activity and its neighbor change rate.
Step 3: compute the interval of the next beacon based on its ability and the size of the last beaconing interval.
Step 4: start beaconing when the timer is out. Turn to step 1.
SDMB Self-adaptively
SDMB adjusts beaconing interval adaptively according to the direct reasons which cause the out-of-date information problem and channel overload. It can adjust the beaconing interval dynamically to match vehicular environment. Four scenarios in Figure 3 are used to introduce the self-adaptively of SDMB. 
Isolated Node
The neighbor number is zero of isolated node as shown in Figure 3-(1) . Thus, the effect on self-decision-making ability is only node activity. We suppose the isolated node is driving with a stable speed value. The interval adjustment is a fixed value in this scenario. And the beaconing interval will gradually become a stable value of the isolated node. This scenario always occurs in the idle period on real road, such as in the deep night. The speed of isolated node usually is higher than the speed of the largest traffic flow on that road. The beaconing interval is adjusted to be the minimum interval by using SDMB. The smallest interval is better for the isolated node to be captured by the coming neighbors in this scenario.
Stable Group
The neighbor number and the node speed are unchanged in the stable group as shown in Figure  3-(2) . The neighbor change rate is zero in this scenario. The effect on self-decision-making ability is also only node activity. And the beaconing interval will also gradually become a stable value in this scenario.
In paper [20] , authors introduced a vehicle platoon. The neighbor number and the node speed are unchanged in this platoon. The vehicles in this platoon are running with a stable speed which usually is higher than the speed of the largest traffic flow. In this case, the beaconing interval will be adjusted to be the minimum interval by using SDMB. If the speed of the platoon is almost same with the speed of the largest traffic flow, the beaconing interval will keep unchanged. If the speed of the platoon is less than the speed of the largest traffic flow, the beaconing interval will be adjusted to be the maximum interval.
On urban roads, separate vehicles are running with different speeds. There is no stable group, while there are some nodes joining in or leaving group in real scenario.
Node Joins in Group
Node B is joining in the group as shown in Figure 3-(3) . The speed of node B is higher than the average speed of the group. The neighbor change rate of node B is greater than the neighbor change rate of nodes in the group. The neighbor change rate of nodes in a big group will not change much with one node joining in. But for node B, the neighbor change rate varies greatly. The iterative process of beaconing interval is shown in Figure 4 . Node B adjusts its beaconing interval according to its activity and its neighbor change rate. The size of the beaconing interval effects renewing neighbor information. And next, renewed neighbor information changes the beaconing interval. This is an iterative process. 
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The absolute self-decision-making ability <0.1 Figure 5 . The adaptive process of beaconing interval in scenario of node joins in group
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The absolute self-decision-making ability >0.1 Figure 6 . The adaptive process of beaconing interval in scenario of node leaves group.
Numerical Results
The adaptive processes of beaconing interval of node joining in group and nodes in the group are shown in Figure 5 . For joining in node B, the speed decreases to be same with the speed of the group. The neighbor change rate of node B varies greatly at first, and then varies slowly until keeps unchanged. At the same time, the self-decision-making ability changes from strong to weak. When the absolute ability is less than 0.1, the beaconing interval of node B will keep unchanged. For nodes in the group, few nodes joining in cannot change the neighbor change rate greatly. That means the absolute self-decision-making ability of nodes in the group is less than 0.1. The beaconing interval of nodes in the group will keep unchanged. It will change unless there are enough number nodes joining in the group or the number of nodes in the group is small. But it can gradual change to be a stable value.
Node Leaves Group
Node C is leaving the group as shown in Figure 3-(4) . The speed of node C is higher than the average speed of the group. The neighbor change rate of node C is greater than the neighbor change rate of nodes in the group. The neighbor change rate of nodes in a big group will not change much with one node leaving. But for node C, the neighbor change rate varies greatly. The iterative process of beaconing interval is shown in Figure 4 . The adaptive processes of beaconing interval of node leaving group and nodes in the group are shown in Figure 6 . The analysis process of the interval adaptive adjustment is same with the scenario of node joining in group.
In this section, the performance of SDMB is investigated under different traffic scenarios by simulation. Simulation parameters are shown in Table 1 . The initial group speed   12 , 
Interval Adjustment
The simulation results is shown in Figure 7 . When
, the effect of node speed on the beaconing interval adjustment is stronger than the effect of neighbor change rate. When , the effect of them tends to equalize. In short, the effect of node own speed on self-decision-making ability plays a leading role with The simulation results of beaconing interval converge to the minimum with different initial interval values and 12 / v m s = are shown in Figure 8 . Form Figure 8 , we can conclude that the larger the initial value of beaconing interval is, the more times of the iterative adjusting process is needed. For instance, the initial value is 0.3s, which needs 6 times to converge to the stable value. The initial value is 1s, which needs 12 times to converge to the stable value.
We change the acceleration of nodes to study the self-adaption adjustment of beaconing interval. The simulation results are shown in Figure 9 . We can see in Figure 9 that the bigger the acceleration is, the less times of the iterative adjusting process is needed. The bigger the acceleration of vehicle is, the larger the adjustment of vehicle speed, and so as the stronger the self-decision-making ability. That is why the beaconing interval of the node can decrease to the minimum value fast.
The Interval Adjustment of Joining in Node
The simulation results of interval adjustment of joining in node are shown in Figure 10 . The beaconing interval of nodes in group keeps unchanged at the minimum value when the group speed is greater than the speed of the largest traffic flow. When the group speed is less than the speed of the largest traffic flow, it will increase to the maximum value. We also can observe that the bigger the absolute accelerate is, the shorter the time is needed for the node to decrease its speed to the group speed value. And the beaconing interval will be faster adjusted to the maximum value. Furthermore, the results also show that the time of node decreasing speed is far less than the time of the beaconing interval adjusting. This means the effect of group speed value on the beaconing interval adjustment is very weak. 
Beaconing Interval of Nodes in Different Traffic Density
The simulation results of relationship between traffic density and beaconing interval according different speed-density models are shown in Figure 11 . Where we suppose the basic value of neighbor nodes change rate is 0 5%
We can obtain the neighbor change rate based on traffic density.
Where K is current traffic density, jam K is traffic density of traffic jam. Figure 11 shows that the beaconing interval of node decreases fast to the minimum value from the initial value _ 0.5 InV pre s = in low density vehicular environment (0-70vehicle/km). It will slow down with the traffic density increasing. In medium traffic density, there are three last values of beaconing interval. The first is the minimum value. The second is the maximum value. The third is keeping the original value unchanged. In dense traffic density vehicular environment (150-200vehicle/km), the beaconing interval of node increases fast to the maximum value from the initial value _ 0.5 InV pre s = . It will accelerate the adjustment with the traffic density increasing. From above, we can conclude that the beaconing interval can be adjusted adaptively according to traffic density by using SDMB. It adjusts the interval to the maximum value in dense traffic density for improving beaconing success rate and channel overload. And it adjusts the interval to the minimum value in low traffic density for neighbor fast discovering and neighbor information updating in time. The simulation results of beaconing success rate and normalized channel load under different traffic density are shown in Figure 12 and Figure 13 . The beaconing success rate falls rapidly with traffic density increasing when the beacon rate is fixed ( 10 g Hz λ =
Beaconing Success Rate and Normalized Channel Load Ratio
). The rate is lower than 90% when the density is greater than 25vehicle/km. And it is less than 20% when the traffic density is 200vehicle/km. By using SDMB to adjust the beaconing interval according self-decision-making ability, the beaconing success rate is greater than 80%, and closed to or greater than 90% when the traffic density is less than 200vehicle/km.
On the other hand, the channel load increases fast with the traffic density increasing when the beacon generation rate is fixed ( 10 g Hz λ =
). The channel will congest when the traffic density is greater than 180vehicle/km. Whereas, the channel load is always less than 20% by using SDMB. The reason of abnormal fluctuations of the results causes by using different speed-density models to obtain the relationship between speed and density. Different speed-density models fit different traffic scenarios. That is why we use different speed-density models.
The Overhead of SDMB
In this part, we evaluate four following beaconing schemes by simulation using the same parameters with paper [21] in urban scenario.
LIA: Linear Adaptive Algorithm Linear regression: Linear regression analysis K-NN: k-Nearest Neighbor SDMB: Self-Decision Making Beaconing method As shown in Figure 14 , linear regression and k-NN can maintain good performance under all scenarios. They can reduce beacon overhead than LIA up to 30%. SDMB and k-NN have a better performance than LIA and linear regression under high traffic density scenario. Furthermore, SDMB does better than k-NN when traffic density is higher than 60veh/km. SDMB has a poor performance when traffic density is lower than 30veh/km. The reason is that SDMB is taking the characteristics of road traffic and VANETs' traffic flow into consideration beaconing fast in sparse vehicular scenario in order to discovery neighbors quickly, and beaconing slowly in dense vehicular scenario to save more bandwidth.
Conclusion
In high mobility vehicular scenarios, increasing the beaconing frequency can solve the out-of-date information problem of neighbors. But rapid beaconing will cause the wireless channel to promptly become overload in heavy traffic density. In this article, we proposed a self-decision-making beaconing method to adjust the beaconing interval based on the node mobility and the change rate of neighbors. The simulation results show that comparing with the fixed frequency beaconing in IEEE 802.11p, the successful beaconing rate is closed to or larger than 90% and the normalized channel load is less than 20% by using SDMB in VANET.
